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A network and a network element and method of operation therefor 



The invention relates to a network and a network element and method of 
operation therefor and in particular for dynamic networks comprising context aware network 
elements. 



5 

In recent years, networking of electronic devices has become of increasing 
importance. Networking of personal computers based on wires or optical fibres has been 
known for some decades. However, in the last decade, networking of personal computers has 
become much more widespread as witnessed by the explosive growth of the Internet. In 

10 addition, an increasing number of standards for wireless networking have been developed, 
and it is expected that the adoption and introduction of wireless networking will be very 
significant over the next years. 

In addition to the expected growth of wireless networking, it is also expected 
that an mcreasmg number and types of electronic devices will be networked in the future and 

1 5 that networking will be deployed in fields traditionally not associated with networking. For 
example, it is expected that home networking where different home appliances and consumer 
equipment will be networked together will become increasingly widespread. For example, it 
is expected that networks may be used to electronically distribute stored music around a 
house from a central storage device. As another example, a household appliance such as a 

20 washing machine may be networked with, say, a TV, thereby allowing a message to be 
displayed on the TV when the washing machine has finished. 

Examples, of wireless networks include WiFi (Trademark) and IEEE 
standards 802.11a, b and g which have been developed mainly for wireless computer and 
home networks. 

25 Also a number of conmnuiication protocols and service fi-ameworks have been 

developed for wired and wireless networks including for example Universal Plug and Play 
(UPnP) and Rendezvous protocols. These frameworks allow for automatic detection of 
devices and the services they offer, and for sharing of services over the network. 
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Most currently developed wireless networks tend to be dynamic networks 
where the configuration and operating conditions change dynamically as new network 
elements enter and leave the network. For example, a portable wireless network element such 
as a network cormected Personal Digital Assistant (PDA) may enter the network when it is 
5 brought into the house and leave the network when the PDA is taken out of the house. In a 
dynamic network, the configuration may automatically adapt to the PDA entering and 
leaving the network. An example of a dynamic network is an IEEE 802.1 1 network operating 
in an ad-hoc or injBrastructure mode. 

In most dynamic networks, a centralized access point is included to which the 
10 wireless network elements commimicate. Typically, the access point also bridges a wireless 
and wired section of the network. Communication between two wireless network elements is 
performed using the access point as an intermediate network element. Hence, data from one 
wireless network element is routed through tiie access point to another wireless network 
element A plurality of access points may be provided in a wireless network and data may be 
1 5 routed between these to effect a communication connection. 

Many wireless network standards including home network standards and 
protocols have a device detection function known as "discovery", which allows devices to 
discover which oflier devices are currently present in the network. Typically, devices either 
search for otiier devices and/or devices announce themselves. For example, applications that 
20 require an up-to-date view of a home network tend to use a mix of these two mechanisms to 
optimize the consistency of the generated network overview. A search may be instigated by a 
device imicasting or broadcasting a search message and all devices receiving the message 
may reply by transmitting one or more device identities to the search device. 

Context aware applications have been developed which need to determine the 
25 physical presence of other devices. However, discovery functions only include information 
related to the logical or structural organisation of the network. 

Typically, no accurate co-ordinates are available to the network devices (for 
example GPS is not accurate enough for indoor use), and therefore any location information 
is either entered manually or based on distance estimations. 
30 Accordingly, a nimiber of network elements for dynamic networks exist which 

comprise sensors for generating sensor inputs related to the physical environment in which 
the network element exists. For example, network elements may comprise video cameras and 
employ computer vision algorithms for determining aspects related to the visual envkonment 
in which the network elements are located. 
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Physical sensor inputs enable implementation of context aware applications 
such as for example location based services. However, algorithms based on physical sensor 
inputs tend to have a relatively low reliability. They fiirfhermore tend to have limited 
capabilities and efSciency. Also, services based on physical sensor inputs tend to have a 
5 relatively low dynamic performance due to tiie processing and averaging of smsor inputs 
required for sufficientiy reliable performance. For example, a service based on object 
recognition will tend to require substantial processmg and averaging in order to detect objects 
in video images obtained from a video camera. 

As an example, in computer vision techniques, it is becoming possible to 

10 recognize objects, but this is a complex and typically unreliable operation. For example, in 
robotics positioning systems, computer vision techniques are used to recognize "land marks", 
and navigation is based on recognizing landmarks if no absolute coordinates are available. 
Choosing the right landmarks is often based on how easy the landmark is to re-recpgnize. 
Clearly, it would be beneficial if devices could detect each other's physical presence, without 

1 5 requiring a large positioning infrastructure to be added to the network. 

Hence, an improved network and network element would be advantageous and 
in particular one allowing for improved determination of a physical context of a network 
element and in particular for physical context related applications, algorithms and services 
having increased flexibility, reduced resource requirement, increased reliability, improved 

20 dynamic performance and/or enhanced or additional functionality. 



Accordingly, the present invention preferably seeks to mitigate, alleviate or 
eliminate one or more of the above mentioned disadvantages singly or in any combination. 

25 According to a first aspect of the invention, there is provided a network 

comprising: a first network element comprising: means for commimicating a physical 
characteristic message comprising information related to at least one physical characteristic 
of the first network element; and a second network element comprising: a sensor for 
determining physical sensor information related to a physical characteristic of a physical 

30 environment of the second network element; a receiver for receiving the physical 

characteristic message fix)m the first network element; and means for determining a physical 
context characteristic in response to the received physical characteristic message and the 
physical sensor information. 
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The invention may allow facilitated and/or enhanced detennination of physical 
context information. For example, the invention may allow facilitated, faster and/or more 
reliable detection of the first network element in the physical context of the second network 
element The invention may furthermore allow new, enhanced or improved context aware 
5 services. 

The invention may reduce a requirement for additional sensors (e.g. of 
different types) and allow for physical context information to be derived based on existing 
sensors of for example audiovisual equipment. 

The physical characteristic message may for example be broadcast or may be 

10 transmitted specifically to the second network element. The physicjil characteristic of the first 
network element may for example relate to an object associated with the first network 
element such as an object in which the first network element is comprised or for which the 
first network element performs the communication. Thus, fee reference to the first network 
element includes not only a physical unit comprising the communication functionality but 

15 also e.g. any physical entity for which the communication functionality performs 
communication. 

According to a feature of the invention, the at least one physical characteristic 
comprises information of a physical property of the first network element. 

The physical property may for example be related to a physical property of an 
20 object comprising the first network element such as for example a size, weight or color. The 
feature may facilitate object detection or recognition of the first network element. It may 
alternatively or additionally allow improved determination of physical characteristics of the 
first network element. For example, information of the size of the first network element and a 
relative size measured at the second network element may be used to determine a distance 
25 between the first and second network element 

According to a feature of the invention the at least one physical characteristic 
comprises a visual property of the first network element The physical characteristic may for 
example be a three-dimensional or two-dimensional characteristic such as a shape of the first 
network element. This allows for facilitated context environment determination such as for 
30 example visual object recognition. 

According to a feature of the invention, the physical characteristic message 
comprises an image of at least part of the first network element This enables an efficient and 
easy to implement communication of visual context information, thereby facilitating visual 
context detennination. 
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According to a feature of the invention, the at least one physical characteristic 
comprises a cunent characteristic of a physical signal being transmitted by the first network 
element For example, information related to a video or audio signal may be comprised in the 
physical characteristic message. This may facilitate detection of tiie first network element by 
5 tiie second network element fix>m the transmitted physical signal. 

According to a feature of the invention, the physical characteristic message 
comprises a data representation of the physical signal. This feature may &cilitate 
conununication of the physical characteristic information. For example, the data 
representation may comprise a compressed data representation of an audio or video signal 

10 being transmitted by the first network element. The compression may be a lossy compression 
enabling low bit rate. Preferably the compressed data representation comprises sufficient data 
to allow for a similarity detection. For example audio fingerprint techniques may be used. It 
may furthermore allow a very accurate object detection of the first network element. 

According to a feature of the invention, the first network element comprises 

15 means for embedding a marker in the physical signal and the physical characteristic message 
comprises information related to the marker. For example, the first network element may 
embed a recognizable pattern such as a watermark in the physical signal. The physical 
characteristic message may &cilitate detection of the marker and thus of the physical signal 
by the second network element. 

20 According to a feature of the invention, the sensor is an image sensor. The 

image sensor may for example be a video camera or a still picture camera. 

According to a feature of the invention, the means for determining is operable 
to determine the physical context characteristic by a visual detection algorithm responsive to 
the physical characteristic message. This feature may enable services based on the visual 

25 physical context of the second network element and in particular based on visually detected 
objects in tiie physical environment of the second network element 

According to a feature of the invention the visual detection algorithm is an 
object recognition algorithm. This feature may enable or facilitate identification of objects in 
the physical environment of the second network element. 

30 According to a feature of the invention, the sensor is an audio sensor. This 

feature may enable services based on the audio physical context of the second network 
element 

According to a feature of the invention, the first network element furthermore 
comprises a movement detector and means for iq>dating the physical characteristic message 
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in response to a detected movement The movement detector may for example be a shock 
detector operable to detect a movement of the first network element 

Accordmg to a feature of the invention ibe physical context characteristic is a 
location of the first network element This may fecilitate or allow improved services or 
5 algorithms and in particular location based services and algorithms. 

According to a feature of the invention the network fiirther comprises a 
plurality of network elements operable to communicate physical characteristic messages and 
the second network element furttier comprises means for determining a physical location map 
of a plurality of network elements in response to the physical sensor information and received 
10 physical characteristic messages. The feature may allow or facilitate a location based service 
wherein locations of a plurality of network elements may e.g. automatically or semi- 
automatically be determined and presented to a user. 

According to a feature of the invention, the means for determining a physical 
location map is further operable to detennine the physical location map in response to a 
15 movement of the second network element This may enhance an area covered by the physical 
location map and/or may improve the accuracy of the map. 

According to a feature of the invention the first network element furth^ 
comprises means for presenting an infonnation signal to a user. The Information signal may 
for example be an audio signal and/or a video signal. 
20 The network is preferably a partly wireless network wherein some or possibly 

all of the communication links are formed by wireless communication links. Specifically the 
network may be a partly wireless network comprising both wired and wireless links which 
are bridged using access points. 

The network is preferably a dynamic network wherein communication links 
25 may dynamically and adaptively update the configuration of the networic For example, the 
network may be a dynamic IEEE802.1 1 network including devices in infitistructure and/or 
ad-hoc mode. 

According to a second aspect of the invention, there is provided a network 
element for a network comprising: a sensor for determining physical sensor information 
30 related to a physical characteristic of a physical environment of the network element; a 

receiver for receiving a physical characteristic message fi-om a different network element, the 
physical characteristic message comprising infonnation related to at least one physical 
characteristic of the different network element; and means for determining a physical context 



wo 2005/036853 



PCT/IB2004/051940 



7 

characteristic in response to the received physical characteristic message and the physical 
sensor information. 

According to a third aspect of the invention, ftere is provided a method of 
operation in a network comprising the steps of: conmnmicating from a first network element 
S a physical characteristic message comprising information related to at least one physical 
characteristic of the first network element; and at a second network element performing the 
steps of: determining physical sensor information from a sensor, the physical sensor 
information being related to a physical characteristic of a physical environment of the second 
network element; receivmg the physical characteristic message from the first network 
10 element; and determining a physical context characteristic in response to the received 
physical characteristic message and the physical sensor information. 

These and other aspects, features and advantages of the invention will be 
apparent from and elucidated with reference to the embodiments described hereinafter. 

15 

An embodiment of the invention vrtll be described, by way of example only, 
with reference to the drawing, in which: 

Fig. 1 is an illustration of a wireless communication network in accordance 
with an embodiment of tiie invention. 

20 



The following description focuses on an embodiment of the invention 
applicable to a wireless communication network such as a WiFi or IEEE 802.1 1 
communication network. However, it will be appreciated that the invention is not limited to 
25 this application but may be applied to many other communication networks. 

Fig. 1 is an illustration of a wireless communication network 100 in 
accordance with an embodiment of the invention. 

The illustrated wireless communication network comprises a single access 
point 101 to (and through) which all wireless network elements communicate. For brevity 
30 and clarity, the wireless communication network 100 of Fig. 1 is illustrated comprising three 
network elements 103, 105 and 107 but it will be appreciated that a practical wireless 
communication network may comprise many more active or inactive network elements. It 
will be appreciated tiiat the access point 101 may be connected to other access points or 
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network elements through wired communication links. Thus, the access point 101 may 
function as a bridge between wu-ed and wireless sections of a partly wireless network. 

In the illustrated example. Hie different network elements may for example 
correspond to personal computers, consumer electronic devices, home appliances, printer 
5 servers, personal distal assistants, audiovisual equipment or any other suitable type of 
device. 

In the specific embodiment, a first network element 103 at regular intervals 
transmits announcement messages comprising device identification and information. The 
announcement messages are broadcast by the access point 101. 

10 The second network element 105 is operable to receive and process the 

announcement messages. In addition, the second network element 105 is operable to transmit 
enquiry messages which are broadcast by the access point 101. In the described embodiment, 
tiie third network element 107 is operable to generate an enquiry response message 
comprising device identification and to transmit this to the second network element 105, 

15 which is operable to receive and process this. Thus, the second network element 105 will in 
the described example receive device identification and mformation fi*om other network 
elements. 

The second network element 105 comprises one or more sensors which can 
perceive aspects of the physical environment in which the second network element 105 

20 operates. For example, the second network element may process a video sensor signal to 
provide various services based on visual inputs. In some embodiments, the second network 
element 105 may for example visually detect the location of objects including objects 
associated v^th the other networic elements 101, 107. 

However, processing based on sensor signals only tends to result in 

25 performance which may be slow, unreliable, complex, limited and sub-optimal. For example, 
object detection based on a sensor signal fi'om a visual camera may be both complex and 
unreliable and may be based on many assumptions about the objects being detected. E.g., 
detection of an object such as loudspeakers in an AV environment will typically be based on 
assumptions on the loudspeakers shape, size and color. These assumptions may be more or 

30 less correct (for example specially designed speakers can be unrecognizable without 
additional information), thereby leading to uru-eliable and variable detection of the 
loudspeakers in the visual sensor signal. 
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In accordance with an embodiment of the present invention, processing of 
sensor signals may be &cilitated and/or improved by the use of information related to one or 
more physical characteristic of other network elements to be detected. 

In the following, an embodiment of the invention will be described with 
5 reference to a speciGc example application. In the example, the first network element 103 
comprises five loudspeakers connected to a wireless network communication unit The third 
network element 107 comprises a large screen video monitor with an embedded wireless 
network communication unit The video monitor and loudspeakers together form an 
audiovisual presentation arrangement wherein the video monitor presents a visual image and 

10 the loudspeakers present the associated surround sound. 

It will be appreciated, that the term network element relates not only to the 
communication facility but also to any object associated therewith. Thus, the network 
element is considered to include any object for which the conununication functionality 
transmits physical characteristics information. 

15 In accordance with an embodiment of the present invention, both the first and 

third network element 103, 107 have information stored related to physical characteristics of 
the network elements 103, 107. Specifically, the first network elraient 103 comprises 
information of the size, shape and color of each of the five speakers. Similarly, the third 
network element 107 comprises information of the size, shape and color of the video monitor. 

20 In accordance with the present invention, the first network element 103 and 

the third network element 107 are operable to include tiie information related to the physical 
characteristics in a physical characteristic message. The network elements furthermore 
comprise means for communicating the physical charactoistic message to other network 
elements including the second network element 105. Specifically, the physical characteristic 

25 message may be included in the annoimcement messages transmitted by the first network 
element 103 and the enquiry response messages transmitted by the third network element 
107. 

The functionality of the second network element 105 of the described 
embodiment is illustrated in more detail in Fig. 1 and will be described in more detail in the 
30 following. 

The second network element 105 comprises an antenna 109 which receives the 
wireless radio signals transmitted by the access point 101 and feds these to a receiver 111. 
The receiver 111 comprises the required fiinctionality for demodulating the received signal 
and generating the data of the received signal as is well known in the art. 
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TTie data is fed to an extraction processor 113 which is operable to detect the 
physical characteristic message and to extract the physical characteristics information 
therefrom. The extraction processor 1 13 is coupled to a context processor 115 which is 
operable to detennine a physical context characteristic of the physical environment of the 
5 second network element 105. The extraction processor 1 13 is operable to feed the extracted 
physical characteristics mformation to the context processor 115. Thus, tiie context processor 
1 1 5 is provided with information of the size, shape and color of the loudspeakers of the first 
network element 103 and the video monitor of the thini network element 107. 

The second network element 105 further comprises a video camera 117 which 
10 generates a sensor signal related to the physical visual en\dronment of the second network 
element 105. The video camera 1 17 is coupled to a video camera interface 1 19 which 
generates a suitable digital representation of the images from the video camera. The video 
camera interface 1 19 is coupled to the context processor 1 15 and feeds the digital 
representation to the context processor 115, 
15 TTie context processor is operable to determine a physical context 

characteristic in response to the information received irom the extraction processor 113 and 
the video camera interface 119. 

In the described embodiment, the context processor 1 15 is operable to perform 
a visual detection algorithm and in particular an object detection algorithm. It will be 
20 appreciated that object detection algorithms from visual images are well known in the art and 
will not be described in detail herein. Typically, object recognition algorithms take visual 
sensor information and correlate it to a set of visual characteristics of objects to be 
recognized. 

Specifically, the context processor 115 performs an object detection algorithm 
25 based on the physical information received in the physical characteristic message. Thus, the 
object detection algorithm in the described embodiment evaluates the images from the video 
camera 1 17 to detect objects of the size, shape and color of the first network element 103 and 
the third network element 107. 

As a specific example, the second network element 105 may be placed in the 
30 center of a room in which the video monitor and loudspeakers are situated. The second 

network element 105 may fiirthermore comprise functionality for rotating the video camera 
1 17 to generate a full 360** image. The context processor 115 may then search the image for 
five objects having the shape and color indicated by the physical characteristic message 
received fix)m the first network element 103. For each object identified, the relative size of 
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the object compared to the size indicated in the physical characteristic message may be used 
to determine a distance firom the second network element 105 to the diflFerent loudspeakers. If 
more than five objects potentially matching the physical characteristics are foimd, various 
algorithms may be used for selecting the most likely matches. For example, a calculated 
5 distance below or above a given interval may be injected. Similarly, the object detection 
algorithm evaluates the image for an object of the same shape and color as that received in 
the physical characteristic message from the third network element 107. It then determines 
the distance to the video monitor in response to the relative size in the image and the reported 
size in the physical characteristic message, 

10 Accordingly, the second network element 105 may automatically detect the 

location of the five loudspeakers and the video monitor in the room. The detection speed and 
reliability is significantly improved due to the physical characteristic message received from 
the other network elements and indeed the feasibility and practicality of the application may 
be dependent on the availability of the physical characteristic message. Thus, the described 

15 embodiment may enable additional and/or enhanced and/or improved services. 

It will be appreciated that the determination of the location of the diflFerent 
objects may be used in many different ways and for many different goals depending on the 
specific application. For example, the second network element 105 may be used to 
automatically detect and evaluate the audiovisual setup. For example, it may automatically 

20 generate suggestions of a modified placement of speakers resulting in improved surroimd 
sound performance or it may calculate a preferred or optimal user position for fiie optimal 
surround sound effect 

In the embodiment described above, simple physical measurements were 
provided to the second network element 105 by the other network elements 103, 107. This 

25 information may be communicated by only a small amount of data and may thus be 

comprised in short data messages. In other embodiments, more substantial data amoimts with 
more detailed information may be communicated. For example, the first and third network 
element 103, 107 may transmit a range of images of the loudspeakers and/or video monitor. 
For example, the images may be of the corresponding objects from a number of different 

30 angles. This information may substantially facilitate the object recognition by the context 
processor 115 and may specifically result in improved reliability of the detection of the 
objects in the visual environment of the second network element 105. 
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It wiU be appreciated that although the example embodunent uses a visual 
sensor input, any other suitable sensor inputs for determming characteristics of the physical 
environment of the second network element 105 may be used. 

Specifically, an audio sensor, such as a microphone, may alternatively or 
5 additionally be used. Thus, the second network element 105 may preferable comprise sensor 
inputs for determining an audiovisual signal comprismg both an audio and visual signal. This 
may for example be particularly useful for audiovisual applications. For example, the second 
network element 105 of the above described embodiment may additionally detect the relative 
volume levels from the five different loudspeakers, hi a simple embodiment, a constant 
10 volume signal may sequentially be transmitted from each of the five loudspeakers and this 
may be detected by the second network element 105. This may not only allow an improved 
evaluation of the audio environment but may also be used to facUitate determination of the 
visual envkonment. For example, the relative volume level may be used to assist the 
determination of the distance from the second network element 105 to the individual 
15 loudspeakers. 

In the described embodunent, the network elements comprise information 
related to inherent physical characteristics of the network elements. This allows for the 
mformation to be stored in the network elements, for example during manufacturing, and 
therefore provides a simple way of generating the physical mformation. However, in other 
20 embodunents, the network elements may for example be operable to alternatively or 

additionally determine ^oiamic or environment based physical characteristics of the network 
elements and to include this in the physical characteristic message. For example, the third 
network element 107 may determine whether the video monitor is mounted on a wall or 
placed on a stand. This mformation may facilitate detection of the video monitor by the 
25 second network element 1 05. 

In some embodiments, the network elements are operable to transmit a 
presentation signal to a user. For example, in the above described embodiment the video 
monitor transmits a video image and the loudspeakers transmit an audio signal. In some 
embodiments, the physical characteristic message may comprise mformation of a current 
30 characteristic of the physical signal being transmitted by the network elements. 

Thus, the third network element 107 may communicate a physical 
characteristic message that comprises information related to the video images that are being 
transmitted. This may allow unproved object detection by the second network element 105. 
For example, if the second network element 105 has information indicating that a football 
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match is being presented, it may select between two candidate objects in response to the 
amount of green color associated with each of these objects. 

In some embodiments, a data representation of the physical signal may be 
included in the physical characteristic message. For example, a highly compressed MPEG-2 
5 representation of the signal to be displayed on the video monitor may be included, ttiereby 
allowing for very accurate detection. However, this requires large amounts of data to be 
communicated which may be impractical in many applications. Therefore, more indirect 
information may often be used including for example information indicating the type of 
content being presented or audio fingerprint information. 

10 In some embodiments, the network elements may be operable to embed a 

marker in the physical signal being presented. For example, the third network element 107 
may include an infrequent visual characteristic which is not noticeable to a viewer. However, 
a distinct pattern may be detectable by the second network element 105, thereby allowing for 
an accurate detection of the object in the images from the video camera. Information of the 

15 embedded marker may be included in the physical characteristic message, thereby allowing 
for the second network element 105 to receive this information and to use it in the object 
recognition. The marker is preferably sufBcientiy subtie so as not to be noticeable to the user 
and thereby may be embedded in a live presentation signal. In other embodiments, the marker 
may be a specific test signal. For example, the video monitor may transmit a specific 

20 sequence of colors during a test used by the second network element 1 05 to determine the 
physical context. 

In some embodiments, the network elements transmitting physical 
characteristic messages may themselves be able to detect characteristics of their environment 
and to include this in the physical characteristic messc^e. For example, the network elements 

25 may comprise a GPS receiver operable to detect a position of the network element and to 
include this in the physical characteristic message. 

The network elements transmitting the physical characteristic message may 
additionally or alternatively comprise a movement detector. If the movement detector 
determines that the network element may have been moved, it may perform a re-evaluation 

30 of the physical environment and transmit an updated physical characteristic message 

indicative of the new enviroimient The movement detector may for example be a simple 
shock detector. 

A specific example of an application that may be enabled or facilitated by the 
transmission of the physical characteristic messages will be described in the following. In this 
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example, a house comprise a number of network elements of a dynamic network. These 
network elements may include televisions, audio surround sound amplifiers, loudspeakers, 
computers etc. Some or all of these network elements are operable to transmit physical 
characteristic messages via the dynamic network. 
5 In this environment, a control network element may comprise a display and 

implement remote control functionality for some or all of the network elements. Thus, a user 
may use a single portable control network element to control many of the appliances and 
equipment located throughout the house. For example, the same control network element 
may control the volume of the surroimd sound, the operation of a DVD player and the light 

1 0 sources in one or more rooms. 

In the described embodiment, the control network element is operable to 
determine a physical location map which indicates the location of some or all of the network 
elements in the house. Preferably, a plan of the house may be entered manually and the 
control network element may automatically determine the location of the other network 

15 elements and relate these to the plan. Specifically, the control network element may comprise 
a video camera which performs a visual detection of objects based on the received physical 
characteristic message as illustrated by the embodiment of Fig. 1. 

The control network element is preferably moved around the house, 
automatically picking up physical chamcteristic messages and detecting the position of the 

20 various network elements. Hence, a location map may be automatically or semi- 

automatically determined and may be presented to a user on a suitable display which is 
preferably part of the control network element. Preferably, the control network element 
continuously or regularly performs the object detection, thereby allowing the control network 
to automatically detect changes to the position of any network element and to automatically 

25 update the location map. 

The invention can be implemented in any suitable form including hardware, 
software, firmware or any combination of these. However, preferably, the invention is at least 
partly implemented as computer software running on one or more data processors and/or 
digital signal processors. The elements and components of an embodiment of the invention 

30 may be physically, functionally and logically implemented in any suitable way. Indeed the 
functionality may be implemented in a single unit, in a plurality of units or as part of other 
functional units. As such, the invention may be implemented in a single unit or may be 
physically and functionally distributed between different units and processors. 
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Alfliough the present invention has been described in connection with the 
preferred embodiment, it is not intended to be limited to the specific form set forft herein. 
Rather, the scope of the present mvention is iunited only by the accompanymg clauns. In the 
claims, the term comprismg does not exclude the presence of other elements or steps. 
5 Furthermore, although individually listed, a plurality of means, elements or method steps 
may be implemented by e.g. a smgle unit or processor. Additionally, although mdividual 
features may be included m different claims, these may possibly be advantageously 
combmed, and the inclusion in different claims does not imply that a combmation of features 
is no feasible and/or advantageous. In addition, smgular references do not exclude a plurality. 
10 Thus references to "a", "an", "first", "second" etc do not preclude a plurahty. 



